phy (PET) tend to support the hypothesis that prefrontal activity reflects strategic retrieval and is independent of Summary retrieval success. In one experiment, retrieval success was manipulated by comparing a test with a high proporTo assess the role of prefrontal cortex in retrieval and tion of old items to a test with a low proportion of old address the controversy about whether prefrontal reitems (Kapur et al., 1995). In another experiment, retrieval operations are engaged only following successtrieval success was manipulated by comparing wellful retrieval, we recorded event-related brain potentials remembered words that were encoded semantically to during two recognition tests with differing demands poorly remembered words that were encoded perceptuon retrieval effort. Both tests included object drawings ally (Nyberg et al., 1995). In both experiments, right prethat were (1) identical to those studied, (2) the same but frontal activation was found during recognition testing with altered aspect ratios, and (3) previously unseen.
Figure 1. Stimulus Types
Sample pictures illustrate each condition. For old/same pictures (top), the correct response is "old" in both tests. For old/different pictures (middle), the correct response is "old" in the general test and "new" in the specific test. For new pictures (bottom), the correct response is "new" in both tests.
are too brief to elicit a reliable hemodynamic response. modified aspect ratios (old/different), and one-third of which were new. In the general test, participants were Furthermore, ERP and hemodynamic methods may provide complementary sources of evidence regarding the instructed to endorse all studied pictures as old, regardless of whether they had been modified. In the specific role of prefrontal regions in memory retrieval, due to the fact that the two methods are subject to different test, participants were instructed to endorse identical pictures as old and to endorse modified old pictures limitations and are sensitive to different subsets of neural activity (Roskies, 1994; Posner and Raichle, 1995, and unstudied pictures as new. Because the specific test placed greater demands on effortful retrieval of perand associated commentaries; Kutas and Dale, 1997; .
ceptual detail than did the general test, we were able to assess whether frontal brain activity was sensitive Evidence from one ERP study appears to support the idea that right prefrontal activity is sensitive to retrieval to retrieval effort, as well as whether this activity was contingent upon retrieval success. success (Wilding and Rugg, 1996) . Participants first heard spoken words. They then read words and made an old/new judgment for each word. For each old word, Results they also judged whether it had been spoken in a male or female voice at study. An ERP recorded over right
Behavioral Results
Mean recognition scores and reaction times for correct frontal scalp locations was enhanced for recognized old words that were attributed to the correct voice. The responses are shown in Table 1 . An analysis of variance (ANOVA) for old pictures revealed that recognition was authors interpreted these findings as evidence that right frontal brain regions were involved in effortful retrieval reliably more accurate for old/same than old/different pictures (F[1,11] ϭ 11.30, p Ͻ 0.006). Accuracy was of perceptually detailed source-specifying information, which is thought to characterize successful episodic also higher in the general test than in the specific test (F[1,11] ϭ 71.28, p Ͻ 0.001). This difference in accuracy memory retrieval (Tulving, 1983; Johnson et al., 1993) .
The apparent discrepancy between these right frontal between the two tests was similar for the two types of old pictures (F[1,11] Ͻ 1) and averaged 17.5%. Accuracy ERP effects (Wilding and Rugg, 1996) A test by stimulus type ANOVA on mean amplitudes differ across stimulus type, and in analyses for the interval from 300 to 500 ms, only the test effect for new from 500 to 1200 ms showed that ERPs were significantly more positive during the specific test than during pictures was significant (F accuracy. However, the pattern of behavioral data casts The contrast between old/same and old/different picdoubt on this explanation. Accuracy and reaction time tures is an important feature of our experimental design. varied across the two tests for old pictures but were Old/different pictures were not quite identical to pictures virtually identical for new pictures, whereas similar fronpresented during the study phase. The finding that rectal test effects were found for old and new pictures. ognition accuracy and the magnitude of the parietal Furthermore, other nonspecific explanations for the test old-new effect were both greater for old/same than for effects can be ruled out because there were no systemold/different pictures supports the conclusion that old/ atic physical stimulus differences across the two tests, same pictures elicited memories that were, on average, due to the counterbalanced design. more perceptually vivid than those elicited by old/differOne factor that was not controlled between the speent pictures. We further speculate that participants paid cific and general tests was response probability. Twospecial attention to the perceptual vividness of memothirds of the items in the general test were called "old," ries during the specific test in order to differentiate old/ whereas only one-third of the items in the specific test same from old/different pictures.
were called "old." Nonetheless, the idea that this factor was responsible for ERP test effects is inconsistent with Right Frontal Old-New Effects the finding that similar test effects were observed for old Brain potentials elicited by old pictures were also more and new pictures. If differences in response probability positive than those elicited by new pictures from 900 to rather than retrieval processing were responsible for 1100 ms, particularly at the right frontal scalp region.
ERP differences between the two tests, opposite patThis effect was similar in time course and topography terns of test effects would be expected for old and new to effects observed in other ERP studies of memory pictures, because the probabilities of responding "old" (Wilding and Rugg, 1996 , 1997a , 1997b Ranganath and Paller, 1999) . Therefore, it was surprising that ERP differences between the specific and general neuropsychological and neuroimaging findings discussed above provide additional evidence to support the hytests were left lateralized. However, in a recent review of neuroimaging studies of memory, Nolde and colleagues pothesis that left prefrontal cortex is instrumental for strategic retrieval processing. It is therefore reasonable (1998a) suggested that right prefrontal activity is sensitive to whether or not one is engaged in an episodic to interpret the ERP test effects as an indication of retrieval processing resulting from left prefrontal activity. retrieval task, whereas left prefrontal activity is sensitive to the specificity of episodic retrieval. Moreover, findings Our results are consistent with previous reports of frontal ERP differences related to the specificity of epifrom a recent event-related fMRI study directly linked left prefrontal activation with the specificity of recognisodic retrieval demands (Johnson et al., 1996; Senkfor and Van Petten, 1998), but they also suggest that this tion testing (Nolde et al., 1998b). Participants in this experiment studied words and pictures and then were prefrontal function applies to both old and new items. Thus, our results favor the hypothesis that prefrontal scanned during recognition testing with words only. In one test condition, participants made old/new judginvolvement in episodic retrieval is not limited to the retrieval of contextual information, and that at least ments; in another, they had to specify whether each word was studied as a picture, studied as a word, or some prefrontal regions are responsive to changes in retrieval effort. Retrieval effort probably encompasses previously unstudied. Results showed that left prefrontal regions were more active during the specific recognition multiple cognitive processes, and fortunately the design of the present experiment allows us to elaborate further condition than during the old/new recognition condition, whereas right prefrontal regions were activated equally on the specific types of processing implemented by prefrontal cortex in these circumstances. during the two test conditions. These findings reinforce our conclusion that evaluating the potential match beWe suggested above that perceptual vividness was greater for memories elicited by old/same pictures than tween a recognition cue and retrieved information-a process critical for accurate episodic recollection-relies for memories elicited by old/different pictures. It follows that perceptual vividness would be a useful cue for difon neuronal activity in left prefrontal cortex. ferentiating old/same from old/different pictures in the specific test. We propose that retrieval effort associated 
